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D scription 

This invention relates to a process for the prepara- 
tion of a polymeric polyalcohol by the reduction of a pol- 
ymer of carbon monoxide and one or more olefinically 
unsaturated compounds, and to the novel polymeric 
polyalcohols obtainable by such a process. 

Polymeric polyalcohols are known. For instance, it 
is known to prepare polyvinylalcohols by hydrolysis or 
saponification of polyvinylacetates, and the resulting 
polymer chains are built of alternating units of methylene 
and hydroxymethylene. It is also known, e.g. from US- 
2495292, DE-A-2600431 or JP-A-54.100194, to reduce 
copolymers of carbon monoxide and ethene, in which 
the molar ratio of the CO units to the C 2 H 4 units gener- 
ally is below 1 (often as low as 0.001), and in which the 
CO units do not alternate with the ethylene units. The 
products of the latter reduction are, as a result, polyeth- 
ylene molecules having CHOH groups at irregular dis- 
tances. Such irregular polymeric polyalcohols will be 
designated as "molecularly impure" hereinafter, where 
the molecular purity is intended to mean the extent to 
which the polymer consists of repeating units of general 
formula --CH(OH)--(A)~ wherein A is the moiety of the 
olefinically unsaturated compound polymerized through 
the olefinic unsaturation. 

The polyvinyl alcohols have useful properties, but 
present disadvantages in being somewhat expensive 
and having a lesser thermal stability. The latter is due to 
their particular structure, which causes, through elmini- 
nation of water, the creation of a system of conjugated 
double bonds (also known_as a polyacetylene). 

(aJIc^tR^^ 

bonds? 'Starting from the idea that the introduction of eth- 
ylene or substituted ethylene groups in stead of the 
methylene groups would preclude such a reaction, Ap- 
plicant has carried out an investigation into the hydro- 
gen ation of linear, alternating polymers of carbon mon- 
oxide and one or more olefinically unsaturated com- 
pounds, also known as polyketones. However, earlier 
research had shown that such hydrogenation does not 
always lead to attractive products. 

In general, when copolymers of carbon monoxide 
and ethylene of low molecular purity are subjected to 
hydrogenation, either catalytic or stoichiometric, the re- 
sulting polyol is of less desirable properties due in part 
to the absence of crystallinity, it was found. 

Likewise, Applicant initially obtained disappointing 
results when hydrogenating copolymers of carbon mon- 
oxide and olefinically unsaturated compounds through 
catalytic hydrogenation processes, analogous to proc- 
esses which are known to be effective for quantitatively 
converting monoketones such as acetone into second- 
ary alcohols. In some cases no reaction took place, in 
other cases some reaction occurred but yielding a com- 
plex mixture of polymers in which the alternating char- 
acter of the starting material had disappeared complete- 



ly- 

One of the investigated catalyst compositions 
caused a CO/C 2 H 4 alternating copolymer to be convert- 
ed into a linear polymer in which ethylene groups and 
s 2,5-tetrahydrof urandiyl groups alternated. Apparently a 
combination of hydrogenation and dehydrogenation 
with ring closure takes place in the presence of that cat- 
alyst. 

Surprisingly it was now found that the carbonyl 
10 groups of the afore defined polyketones can be convert- 
ed, at least in part, to secondary alcohol groups, by con- 
tacting in a diluent with a metal hydride of the general 
formula XYH 4 , or a catalytic composition derived there- 
of, in which X stands for lithium, sodium or potassium, 
15 and Y represents aluminium or boron, and that a product 
with a high molecular purity can be obtained. It further 
appeared that by starting from a polyketone which was 
prepared by copolymerizing the monomers with a cata- 
lyst composition based on a metal of Group 8, an anion 
20 of a non-hydrohalogenic acid having a pKa below 6 and 
a bidentate ligand of phosphorus, arsenic or antimony, 
a polymeric polyalcohol can be prepared which compris- 
es 1 ,2-glycol moieties in a quantity below the detection 
level. 

The invention therefore relates to new polymeric al- 
cohols, characterised by consisting of for at least 90% 
of repeating units of the general formula -[-CH(OH)- 
CH 2 -CH(R)-]- which units may be the same or different 
and wherein each R stands for a hydrogen atom or a 
hydrocarbyl group of up to 1 2 carbon atoms, and by con- 
taining less than 0.5% of 1,2-glycol moieties. 

The phrase "consisting for at least 90%° means that 
the polyalcohols should be at least 90% molecularly 
pure, as herebefore defined. 

TReTpofymeric polyalcohols^cGprding^ 
tioJTR^s^ 

ene units afteThate wrth t 
ylene units. 

Like in the polyketones from which they are made, 
the substituted R need not be the same in all units. If it 
is, a copolymer is formed, if it is not, a terpolymer, 
quaterpolymer and so on. 

Preferably the olefinically unsaturated compound is 
a hydrocarbon, especially of up to 12 carbon atoms, in 
particular an alkene, e.g. ethene, propene, butene, hex- 
ene-1, octene-1 , or an aryl substituted alkene, e.g. sty- 
rene or p-methylstyrene. 

The group R thus preferably represents a hydrogen 
atom, a methyl group or a phenyl group. Preferred ter- 
polymers are those wherein R is a hydrogen atom in 
some units and a methyl or a phenyl group in others, the 
molar ratio of units containing methyl or phenyl groups 
to units containing hydrogen atoms being below 0.5. Of 
particular interest are the polyketone polymers of mo- 
lecular weight from about 450 to about 200,000, espe- 
cially those of molecular weight from 10,000 to 50,000. 

The hydrogenation process of the present invention 
provides a high rate of conversion of the carbonyl 
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groups, together with a high rate of retention of linearity 
and alternating character of the chains. 

In some embodiments molecular purities of 90% or 
more, even 95-97% are reached. This contrasts with 
known hydrogenations of similar but non -alternating lin- $ 
ear copolymers of carbon monoxide and ethene. The 
starting materials can be obtained by processes now be- 
coming conventional, such as described in EP-121965, 
EP-181014 or EP-222454. The process typically in- 
volves contacting carbon monoxide and the olefinically 10 
unsaturated compound or compounds at slightly elevat- 
ed pressure and temperature with a catalyst composi- 
tion based on a metal from Group 8, e.g. palladium, the 
anion of a non-hydrohalogenic acid having a pKa below 
6 and a bidentate ligand of phosphorus, arsenic or an- *5 
timony. 

The diluent in which the hydrogenation process is 
carried out, is preferably a liquid diluent, especially one 
in which the prepared polymeric polyalcohol and/or the 
starting polyketone dissolve. Examples of liquids in 20 
which the starting polyketones dissolve, are m-cresol or 
hexafluoroisopropanol, especially the latter, which al- 
lows the reaction to proceed with high yield, at ambient 
temperatures and pressure, e.g. in the range of 1 5 to 40 
°C, and at atmospheric pressure. Solvents for the 25 
formed polyalcohols are preferably mono- or polyhydric 
alcohols or ethers alcohol ethers having up to 6 carbon 
atoms, such as methanol or ethanol, ethanediol (ethyl- 
ene glycol) or glycol ethers, e.g. the monomethyl ether 
of ethylene glycol, or cyclic ethers, e.g. tetrahydrof uran. 30 
Methanol is particularly preferred. When using the latter 
solvents, it is advantageous to apply conditions of ele- 
vated temperature and pressure, that is, in the range of 
100-200 °C and 10-200 bar, in particular, at 120-180 °C 
and 40-1 00 bar. When carrying out the present reaction 35 
in methanol at mild conditions of temperature and pres- 
sure, using e.g. sodium borohydride as reducing agent, 
the reaction does proceed, but the product will contain 
only about 40-60% of reduced carbonyl groups. 

It was found that the yield in this case could be im- *o 
proved, by employing a catalytic composition derived 
from XYH 4 , and adding hydrogen gas. 

Thus a preferred way of carrying out the present hy- 
drogenation process, consists in using a catalytic com- 
position obtainable by reacting the metal hydride XYH 4 45 
with a nickel compound, in particular a nickel salt such 
as nickel acetate, in the presence of hydrogen gas. Oth- 
er suitable nickel compounds are nickel chloride, nickel 
sulphide, nickel propionate, and nickel acetylacetonate. 
They are suitably used in a proportion of at least one so 
mole per mole of polyketone. 

The preferred compounds of general formula XYH 4 
are sodium borohydride and lithium aluminiumhydride. 
The amount of metal hydride to be used is advanta- 
geously at least stoichiometric with respect to the 55 
polyketone polymer. Although the stoichiometry of a re- 
action involving a polymeric material is often difficult to 
determine, good results are obtained if at least 1 .5 gram, 



preferably at least 2 gram, of sodium borohydride is em- 
ployed for each gram of polyketone to be reduced. Use 
of a stoichiometric excess of sodium borohydride, even 
a substantial stoichiometric excess, is not detrimental to 
the reduction process but is often unnecessary Subse- 
quent to reaction the polymeric polyalcohol is recovered 
as by solvent removal through evaporation or distillation 
or by precipitation of the polyalcohol with a material 
which is miscible with the reaction diluent but which is 
a non-solvent for the polyalcohol, e.g., acetone. The pol- 
ymeric polyalcohol product is used as such or is purified 
by conventional means including dissolving the polyal- 
cohol in a hydroxylic solvent such as methanol and pre- 
cipitating the polyalcohol through the addition of a non- 
solvent such as acetone. 

The polyalcohol product is of high molecular purity. 
The polyalcohol is related to the family of polyvinylalco- 
hol polymers and copolymers, but differing in the 
number of carbon atoms per hydroxyl group in the re- 
peating polymer chain unit. The polyalcohol of the in- 
vention enjoys many of the same applications of the 
conventional polyvinylalcohol materials but somewhat 
greater stability because of the structural inability to de- 
grade to conjugated dienes. The polyalcohol product is 
cast or extruded into films which are useful as adhesives 
and coatings for paper and shows some degree of bar- 
rier properties which make the polyalcohols useful in 
multi- layer laminates for wraps and containers for foods, 
drugs and cosmetics which normally undergo oxidative 
deterioration when exposed to air. 

The invention is further illustrated by the following 
examples. 

EXAMPLE 1 

(a) A linear alternating copolymer of carbon monox- 
ide and ethylene was produced using a catalyst 
composition formed from palladium acetate, the an- 
ion of trifluoroacetic acid and 1 ,3-bis(diphenylphos- 
phino)propane. The melting point of the polymer 
was 257°C and the limiting viscosity number (LVN) 
was 1.1 measured at 100° in m-cresol. 

(b) A 10g sample of the polymer of paragraph (a) 
was dissolved in 250 ml of hexafluoroisopropanol 
and sufficient sodium borohydride, dissolved in eth- 
anol, was added with stirring to provide 2.4g of so- 
dium borohydride per gram of polymer. The mixture 
was maintained at ambient temperature overnight 
without stirring. Approximately 400 ml of water was 
added, followed by the slow addition of about 175 
ml of concentrated hydrochloric acid, and then an- 
other 400 ml of water. The solution was evaporated 
to remove excess liquid and the insoluble polymeric 
polyalcohol precipitate was removed. The polymer- 
ic polyalcohol precipitate was then purified by re- 
peated precipitation from methanol by the addition 
of acetone. 
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The polymer product was shown by NMR to be of 
the regular repeating formula 



OH 
I 

- (-CH CH — CH -f- 



with no more than about 3-6% of the units being of any 
other structure. The observed molecular impurities were 
indicated by NMR to be of a substituted 2,5-tetrahydro- 
f uran structure, likely obtained by internal condensation 
of the polyketone polymer A periodic acid titration of the 
polyalcohol product showed no detectable amount (less 
than 0.5%) of 1,2-glycoi moieties which would have 
come from reduction of a 1 ,2-diketone structure in the 
polyketone polymer reactant. 

The polyalcohol product showed a melting point of 
117°C. The product is somewhat crystalline with a slow 
rate of crystallization. It is readily soluble in methanol 
and slowly soluble in hot ethylene glycol. The polyalco- 
hol product is insoluble in hot or cold water but is hydro- 
scopic in air. 

EXAMPLE 2 

When the general procedure of Example 1(b) was 
repeated, except that the reduction was conducted in 
hexafluoroisopropanol at reflux, a non-crystalline, rub- 
bery material was obtained. The product contained a 
number of hydroxymethylene groups. This embodiment 
is less preferred. 

EXAMPLE 3 

When the general procedure of Example 1(b) was 
repeated by adding an ethanolic solution of sodium 
borohydride to a suspension of polyketone in methanol, 
the conversion of carbonyl groups was from 40-66% de- 
pending upon the amount of excess sodium borohydride 
added. This embodiment is less preferred. 

EXAMPLE 4 

(a) A copolymer of carbon monoxide and styrene 
was prepared as follows. 

Into a magnetically stirred autoclave of 250 ml ca- 
pacity a catalyst composition was introduced, compris- 
ing: 

10 ml methanol 

0.1 mmol palladium acetate 

3 mmol 2,2'-bipyridine 

2 mmol para-toluenesulphonic acid, and 

10 mmol 1 ,4-benzoquinone. 
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pressure of 40 bar had been reached. Finally the con- 
tents were heated to 70 °C. After 5 hours the polymeri- 
zation reaction was terminated by cooling down to room 
temperature and letting off the pressure. The polymer 
was filtered off, washed with methanol, and dried in vac- 
uo at room temperature. Polymer yield was 24.0 g. 

It was established by means of 13 C-NMR analysis 
that the copolymer possessed a linear structure, and 
that in the chains the units originating from carbon mon- 
oxide alternated with the units originating from styrene. 
It was further established by 13 C-NMR analysis that the 
polymerization had proceeded both in regiospecific and 
in stereospecific ways. 

(b) A polymeric polyalcohol was prepared as fol- 
lows. To a stirred solution of 5 g of the copolymer pre- 
pared under (a) in 30 ml of hexafluoroisopropanol, 2,8 
g sodium borohydride was added. After 15 hours, 100 
ml methanol were added to the reaction mixture. The 
precipitated polymeric polyalcohol was filtered off, 
washed with methanol and dried at 70 D C. From 13 C- 
NMR analysis it appeared that 70% of the originally oc- 
curring carbonyl groups were present in the polymeric 
polyalcohol as secundary alcohol groups. Unlike the 
carbon monoxide/styrene polymers from which they had 
been prepared, the polymeric polyalcohols dissolved 
completely in tetrahydrofuran. 

EXAMPLE 5 

A solution of 2 g of alternating oligomers of propene 
and CO, having molecular weights of 450 to 16,000, in 
25 ml tetrahydrofuran was drop wise added to a stirred 
suspension of 1 g LiAIH 4 in 10 ml tetrahydrofuran. 

After addition the mixture was refluxed for 18 hours. 
Water was added and the mixture was filtered. Chloro- 
form was added, the organic layer separated, extracted 
with water, dried over MgS0 4 and filtered. The final 
product was obtained by evaporation of the solvent. 



Claims 

1. Novel polymeric f^iyalcorVols, characterised by 
consisting of for at least 90% repeating units of the 
general formula 



t— CH-CH -CH- 

I I 

OH R 



which units may be the same or different and where- 
in each R stands for a hydrogen atom or a hydro- 
carbyl group of up to 1 2 carbon atoms, and by con- 
taining less than 0.5% of 1 ,2-glycol moieties. 



Next 50 ml styrene was brought in the autoclave, 
followed by the introduction of carbon monoxide, until a 



A polyalcohol as claimed in claim 1, characterised 
in that R is a hydrogen atom, a methyl group or a 
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